A porous structure, suitable for the 6ltration of tobacco smoke, is formed from filter material in band, or fibrous or filament form; The _experimental data used for the present study have been obtained by manufacturing 6lters &om material in band form. However, the method and conclusions of the study can be applied to porous structures formed from material in fibrous or filament form and can even be generalised to cover other porous interstitial structures. It was veri6ed experimentally that they apply to the porous structure of cigarettes formed &om tobacco strands. The standard porometric methods which allow the study of the spectrwn of the structure pores and the measuring of the specific surface area of the material. are known. These methods are absolutely necessary for the knowledge of porous structures. However, a new contribution to this knowledge is described in this paper, using a different method based on permeametry.
Before describing the principle of this method, we shall discuss the process operations in the manufacture of filters by which ·the three-dimensional structure of the filter is formed.
FORMATION PROCESS OF THE POROUS STRUCfURE OF A FILTER
The process as applied to S.lter material in band form will be described. In a preliminary stage of the process the band is shaped into a plug. The band can be folded over in such a way that the material is arranged_ at random. The formation of the plug can also be carried out in sudt a way that the material is arranged geometricaJly. Thus, the band can be cut into narrow strips, the strips piled one on top of the other and the pile then shaped in such a way that eadt strip takeS on the form of a spiral "S" in order to obtain a homogenous combination in a cylindrical volume. In both cases, the material elements form a porous interstitial structure which is a rough outline of the porous structure of the filter. In the second stage of the process, the plug of material Presented u the C01tESTAI26th TCltC joinr Confereace ltcld in Williuuburg, Virsinia, USA, in 1972. is shaped cylindrically to a pre-determined diameter so as to produce the filter rod which is to be wrapped in the wrapping paper. This operation completes the formation of the porous structure of the filter by pressing together the material elements in juxtaposition and by assembling them by imbrication. The process is essentially characterised by the fact that the filter material elements in juxtaposition, more or less pressed together and imbricated, are not crushed and preserve their relief and proper structure. The amount of a given filter material used in the manufacture of a filter of a given vOlume cannot, therefore, exceed a certain limit, a limit which is determined by the resistance of the material to crushing.
Moreover, there exists a lower limit to the amount of material necessary to form the porous structure of a filter of a given volume. This is the limit corresponding to the onset of the laminar How system of the smoke in the 6lter. Both these limits determine, for eadi. 6lter material, the range of 6lter densities for the manufacture of a filter. (The expression "filter density" applies to the apparent density of the filter material in the 6lter.) _Both these limits depend on the properties of the materia) and on its arrangement in the 6lter, In most cases, they are roughly in the ratio of two to three.
PERMEAMETRIC METHOD USED
Porous structures of 6lters of the same dimensions, manufactUred by the same process from the same filter material, differing from eadi. other in the quantities of material used in their manufacture, i. e. in their densities, are taken into account. Thus all these porous structures are of the same type. In ·all cases, the filter density being the independent variable, the porometrii:: di.aracteristics of. the structure as well· as the permeabiUty are variables dependent on the density. The principle of a method for examining a type of structure Ues in the fact that the relationship existing between the density and a structural, porometric or permeametric characteristic, is spec~c to the type of structure.
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The permeametric method is that which is based on the existing relationship between the density and the permeability of structures of the same type. Therefore, the permeability (Q) of filters having the same dimensions, the same composition, manufactured in the same way, but differing in their densities (D) is measured and, according to the experimental values of Q and D, the equation for a mathematical model of the relationship between Q and D is calculated. The mathematical form of the model and the parametric constants appearing in the equation of this model will be the two basic data of the study. If the mathematical model is of the same form, irrespective of the kind of filter material, it can be concluded that this mathematical form relates exclusively to the structural formation process. In ·this case, if the constant parameters appearing in the equation of the model differ from one filter material to another, the structural properties of the filter material used can be characterised by these parameters. Do : Filter density at the filling limit by compression. 
Nomenclature of Symbols

Do
Q 0 : Filter permeability at the filling limit by compression.
cp : Coefficient of interstitial permeability. The dimensions of cp are those for permeability.
EXPERIMENTAL CONDITIONS
For a given material, the cigarette filters were manufactured so as to be of a fixed size (diameter and length) with different density levels D, either by machine or, as in most cases, by hand. In the case of filters made by hand, the laboratory device used for the formation of the bands of material into filter rods reproduced the same operating conditions as the plug machine. In all cases the measurements were taken after the filter tips of 8 X 18 mm had been cut from the rods. For each density level D, the air permeability Q of 25 filters was measured using a V A type standard suction porosimeter of the Stockholm collective experiment (see Figure 1) . Figure 1 . Scheme of poroalmeter uaed for meaaurlng permeability.
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The densities D were spread over the range of filter densities corresponding to the standard limits of manufacture of the filters. This range is limited by two densities:
1. The lowest density where the filter structure is already formed and which corresponds, as the experiment shows, to the onset of the laminar flow system.
2. The highest feasible density from a practical point of view by the standard means of manufacture. 
EXPERIMENTAL RESULTS
A large number of 6lter series were made in this way using the different types of material (singly or com;.. bined) commonly used ih the paper cigarette filter industry, such as: -. . standard crimped paper -longitudinally crimped paper -finely grooved fluted paper -cellulose wadding and "tissue" Tobacco strands were also tested. The characteristics of the different materials mentioned above are shown in Table 1 . In all cases, the experimental values of Q and D obtained for each type of material were plotted statistically by the polynomial method, using a computer.
In all cases, this led to the mathematical model:
In the polynomial regression method, precision depends on the value of standard error of estimate, quotient of the square root of the sum of residual deviations by the number of degrees of freedom minus one. For each of the twenty-nine groups of points, the standard error of estimate is low allowing acceptance of the proposed mathematical model within a satisfactory limit of confidence.
Average standard error :
A defined model interpreting the modification of the porous filter structure by the filling must correspond to the mathematical model ( In a filter having a density D, there remains a filling margin equal to :t -_Q_ .
Do Variable Change in the Mathematical Model Equation
The filling margin (:t -_Q_) will be the variable Do on which the permeability variation depends. 
The unit of volume being the filter volume, variable V represents the volume of material having a density Do which could be inserted by compression into a filter having a density D.
Formation of the Porous Structure by a Compression Process
According to equation No. 3, the permeability of a filter of a given type is the sum of two terms: a constant term Q 0 and a term which depends on the filling margin q> V2.
It can be deduced from this mathematical form of the model that the porous network is not wholly modified by a change in filling. This means that the pores belonging to the filter material elements, internal pores, some of the grooves and some of the relief cavities, are not modified by the change in filling. Thus it can be verified that the structural formation takes place by a filling process without crushing the filter material.
Significance of the Parabolic Form of the Model
It has been said that the filling variable V, or filling margin, is the volume of material having a density Do that could be introduced by compression into a filter having a density D. It is an unfilled interstitial volume or, more precisely, the margin of possibility of imbrication or of assembly of the material elements. According to equation No. 3, the permeability of a filter having a density D is equal to the permeability of a hundred per cent filled filter (Qo) increased by a supplement which is a variable dependent on the unfilled interstitial space (V). This supplement represents the difference existing between the permeability of the unfilled interstitial void and the permeability of the same space when filled. The mathematical model can also be expressed by the equation No. 3 in its differential form: • After being embossed in longitudinally fine grooves.
2.2.8
According to this differential equation, the filling of an infinitesimal volume dV causes the permeability to vary proportionately to the filling margin (V). The parabolic form of this model can be compared to the laminar Bow laws of a gas in a porous structure.
COEFFICIENT OF INTERSTITIAL PERMEABILITY q>
In 
The corresponding parabolas are shown in Figure; . In the case of the filters composed of bands of two different materials (single-fold sheet tissue + cellulose wadding) and geometrically conformed to an S (graphs No. 1:1, 1.7, 1.9), the inftuence of the crimping height of the cellulose wadding and of the grooves of Buting was studied. The coefficient q> characterises, for each material, the modification in the porous structure by variation in filling. This modification of structure consists of a variation in different porometric factors which act simultaneously: average radius, number and dispersion of the size of the interstices, form and orientation of these interstices in relation to the main Buid Bow. It is known that the filter structure is formed:
-on the one hand, of solid filter material elements practically uncompressible, of which the micro-voids are not significantly modified by variation in the fillingpores within or on the surface of the material, -and on the other hand, of the interstitial spaces separating the filter material elements, in juxtaposition and more or less compressed and imbricated according to the filling rate.
The unfilled fraction of the volume of the filter with a density D, (1. -___Q_ = V) is distributed in this Do network of interstitial spaces.
q> indicates the extent of modification in the filter structure when filled, when the volume of the unfilled interstitial spaces decreases towards zero leaving only the porous network of the material corresponding to state Do. q> thus characterises the structural difference which exists between two filters of different filling rates.
It is established that q> is high when there is a large difference bet\;'Veen the loosely filled porous structure and the porous structure at state Do. This is the case with materials of high density, with a rough and only ~lightly deformable relief, such as standard crimped paper. In this case, the value of q> is of the order of 300. The values of q> are low in the case of a slight difference between the porous structure only slightly From this it is deduced that the variation in the filter density by filling modifies the porous structure of filters manufactured by using a given material, but preserves the character of this structure. In other words, filters composed of the same material are of the same structural type irrespective of their density. This type of structure can be characterised by q> or Q 0 since these two parameters are linked functionally. '
FIELD OF PRACTICAL APPLICATION
The field of application of this study covers a wide area, from the research and from the industrial points of view.
Its practical interest is based on the particular characteristics of the porous structure at the filling limit by compression represented by the vertex of the parabolas of coordinates Do and Qo. For the optimization of a filter the systematic plotting of the graph permeability-density leadirlg by calculation to the knowledge of the specific parameters of the filter material, has considerable value both for research and for manufacturing control. A frequent problem is to obtain a maximum retention and an optimum hardness for an average permeability imposed by the customer. A corollary problem is to minimise as much as possible the dispersion of these characteristics. To reconcile the weight, pressure drop, hardness and retention requirements, knowledge of the structural characteristics of the material defined by the study helps the filter manufacturer to arrive at his choice. To obtain the best structural regularity, the higher the value of <p the closer it is necessary to approach the filling limit D 0 • The filling rate_Q_near to 'l as~ures Do the best filter compactness. Moreover, in the zone of the parabola with an almost horizontal tangent, there is minimum permeability variation with density differences due to variation of material substance. Figure 5 and Table 3 correspond to a typical example of practical application of the study for the choice of an efficient filter material. 1he two parabolas A and B forming the intersection C were plotted from filters made from identical filter material (fluted paper+ cellulose wadding) but with differences in the depth of the reliefs of the fluted and crimped material. The intersection point C is situated near to the vertex of the parabola B while it is rather far from the vertex of the parabola A. Cigarette filters of the two types were manufactured with a density D = 0.'170, abscissa of point C and tar retention efficiency measures were taken. The percentage in Table 3 .
Example
Practical application of the study for the choice of an efficient filter material. 
POSSIBILITY OF EXTENDING THE PERMEAMETRIC METHOD TO THE STUDY OF POROUS INTERSTITIAL STRUCTURES
The permeametric method applied to the study of the porous structures of filters is valid for other porous structures formed by filling a cylindrical volume with material in sheet or strand form. It is reasonable to think that all porous interstitial structures are modified when filled according to the process which has been studied for cigarette filters. That is why it was possible to apply it to cigarettes for the study of tobacco rod structure: The filling capacity of several different kinds of tobacco of the same origin but differing in their strand size, can be determined and compared by plotting the corresponding parabolas and by calculating the three ·characteristics Q 0 , D 0 , and <p. It has been shown that the value of the coefficient <p varies with the width of the strands. More precisely, <p increases in close relation to the width of strands (Table 4) . 
SUMMARY
An original method based on permeability measurement is applied to studyink the formation of the porous interstitial structure of cigarette filters. Using this method, it is shown that the porous structure of a filter is formed in the course of the filling process which is accomplished by compression of the filter material without significantly modifying the specific structure of this material. In the filling process, the elements of the filter material are assembled in the filter by imbrication. A given filter material is characterised by the specific volume that it takes up when its elements are assembled at the compression limit without any crushing. A filter 23'1 material is, moreover, <haracterised by the mode of assembling of its elements in the formation of the porous interstitial structure of a filter. The permeametric method allows us to define this <haracteristic. The results can be applied to the choice of filter material and to the determination of the optimum filling rate permitting the rapid development of a cigarette filter with fixed characteristics. 
ZUSAMMENFASSUNG
